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Evaluation of growth changes induced by functional 
appliances in children with Class II malocclusion: 
Superimposition of lateral cephalograms on stable 
structures 
Objective: To compare short- and long-term dentoalveolar, skeletal, and 
rotational changes evaluated by Björk’s structural method of superimposition 
between children with Class II malocclusion treated by functional appliances 
and untreated matched controls. Methods: Seventy-nine prepubertal or pubertal 
children (mean age, 11.57 ± 1.40 years) with Class II malocclusion were included. 
Thirty-four children were treated using an activator with a high-pull headgear 
(Z-activator), while 28 were treated using an activator without a headgear 
(E-activator). Seventeen untreated children were included as controls. Lateral 
cephalograms were obtained before treatment (T1), after functional appliance 
treatment (T2), and after retention in the postpubertal phase (T3). Changes 
from T1 to T2 and T1 to T3 were compared between the treated groups and 
control group using multiple linear regression analysis. Results: Relative to the 
findings in the control group at T2, the sagittal jaw relationship (subspinale-
nasion-pogonion, p < 0.001), maxillary prognathism (sella-nasion-subspinale, 
p < 0.05), and condylar growth (p < 0.001) exhibited significant improvements 
in the Z- and E-activator groups, which also showed a significantly increased 
maxillary incisor retraction (p < 0.001) and decreased overjet (p < 0.001). Only 
the E-activator group exhibited significant backward rotation of the maxilla at 
T2 (p < 0.01). The improvements in the sagittal jaw relationship (p < 0.01) and 
dental relationship (p < 0.001) remained significant at T3. Condylar growth and 
jaw rotations were not significant at T3. Conclusions: Functional appliance 
treatment in children with Class II malocclusion can significantly improve the 
sagittal jaw relationship and dental relationships in the long term. 
[Korean J Orthod 2020;50(3):170-180]
Key words: Class II malocclusion, Functional appliance, Growth evaluation, 
Superimposition 
Eunhye Oha 
Sug-Joon Ahnb
Liselotte Sonnesena 
aSection of Orthodontics, Department 
of Odontology, Faculty of Health 
and Medical Sciences, University of 
Copenhagen, Copenhagen, Denmark 
bDepartment of Orthodontics, School 
of Dentistry, Seoul National University, 
Seoul, Korea 
Received September 3, 2019; Revised December 13, 2019; Accepted December 13, 2019.
Corresponding author: Liselotte Sonnesen.
Professor, Section of Orthodontics, Department of Odontology, Faculty of Health and Medical 
Sciences, University of Copenhagen, 20 Nørre Alle, DK-2200 Copenhagen N, Denmark.
Tel +45-35-32-66-70 e-mail alson@sund.ku.dk
How to cite this article: Oh E, Ahn SJ, Sonnesen L. Evaluation of growth changes 
induced by functional appliances in children with Class II malocclusion: Superimposition 
of lateral cephalograms on stable structures. Korean J Orthod 2020;50:170-180.
170
© 2020 The Korean Association of Orthodontists.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited.
THE KOREAN JOURNAL of 
ORTHODONTICSOriginal Article
pISSN 2234-7518 • eISSN 2005-372X
https://doi.org/10.4041/kjod.2020.50.3.170
Oh et al • Functional appliance-induced growth changes in Class II malocclusion
www.e-kjo.org 171https://doi.org/10.4041/kjod.2020.50.3.170
INTRODUCTION
Functional appliances have been widely used for 
growth adaptation/modification treatment in grow-
ing children with Class II malocclusion, and their ef-
fects have been extensively discussed.1-5 Some authors 
documented that functional appliances are effective in 
improving dentoalveolar and skeletal relationships, while 
others presented that skeletal effects are minimal relative 
to those in untreated controls on a long-term basis.1-5 
In most studies, growth changes induced by function-
al appliances were conventionally measured on lateral 
cephalograms, with the use of points and lines for iden-
tifying sagittal jaw changes measured on the chin point 
and vertical changes measured on the mandibular line 
in relation to the nasion-sella line (NSL).2-5 However, it 
was found that these methods underestimate the verti-
cal displacement and rotations of the jaws, and that the 
dynamics of jaw rotations are often masked because of 
instability of the points and lines during growth.6-9 
Moreover, in many studies, initial correction using 
functional appliance treatment involved not only for-
ward positioning of the mandible but also vertical open-
ing of the bite and an increase in the lower anterior 
facial height.4-6 Advancement of the chin point at the 
pogonion may not be evident if the vertical dimension is 
increased along with the mandibular length. This means 
that jaw rotations could influence the measurement of 
sagittal changes.
Björk performed longitudinal implant studies using 
a series of lateral cephalograms and documented true 
rotations and growth of the jaws.7-9 These studies found 
relatively stable structures in the anterior cranial base, 
maxilla and mandible and suggested a technique in-
volving superimposition on the stable structures for the 
evaluation of true growth changes.7-9 However, to the 
best of our knowledge, no study has reported the true 
rotational changes in the maxilla and mandible induced 
by functional appliances with the use of the structural 
method.4-9 
Under the assumption that functional appliances af-
fect not only sagittal but also vertical and rotational 
changes in growing children with Class II malocclusion, 
we compared short- and long-term dentoalveolar, skel-
etal, and rotational changes evaluated by Björk’s struc-
tural method of superimposition between children with 
Class II malocclusion treated by functional appliances 
and untreated matched controls. The null hypothesis 
was that there is no difference in the changes induced 
by functional appliances and those that occur without 
treatment in growing children with Class II malocclu-
sion. 
MATERIALS AND METHODS 
This study was approved by the Danish Data Protec-
tion Agency (no. 2015-57-0121) and the ethical com-
mittee of Seoul National University Dental Hospital, 
Korea (IRB 207/08-16).
Subjects
A total of 79 prepubertal or pubertal children (40 boys 
and 39 girls; mean age, 11.57 ± 1.40 years) with Class II 
malocclusion were included in this study. Among these 
children, 34 (19 boys and 15 girls; mean age, 11.82 ± 
1.48 years) were treated with a high-pull headgear com-
bined with a Teuscher activator (Z-activator),10 while 28 
(12 boys and 16 girls; mean age, 11.17 ± 1.20 years) 
were treated with a modified Andresen activator, also 
known as an Ergenzinger activator (E-activator; Figure 
1),11 between 2008 and 2015 at the Section of Ortho-
dontics, Department of Odontology, Copenhagen Uni-
versity, Denmark and the Department of Orthodontics, 
Seoul National University Dental Hospital, Korea. The 
remaining 17 children (9 boys and 8 girls) were included 
as controls; their data were retrieved from the archives 
of the classic implant studies by Björk.7-9 The craniofa-
cial characteristics and maturation stages of children in 
A B C
Figure 1. Functional appliances used in the present study. A and B, Z-activator (Teuscher activator with a high-pull 
headgear)10. C, E-activator (modified Andresen activator, also known as an Ergenzinger activator).11
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the control group were matched to those of children in 
the treated groups in accordance with the inclusion cri-
teria below. 
The inclusion criteria were as follows: 1) no previous 
orthodontic treatment; 2) availability of lateral cephalo-
grams obtained before treatment (T1), after functional 
appliance treatment (T2), and after more than 1 year of 
retention, with or without subsequent fixed appliance 
treatment (T3); 3) subspinale-nasion-supramentale > 
4.5o; 4) overjet > 5 mm; 5) pubertal/prepubertal growth 
peak (cervical stage [CS] 1–4) at T1;12 and 6) postpuber-
tal growth peak (CS 5 and 6) at T3.12 
The exclusion criteria were as follows: 1) fixed appli-
ance treatment with extractions, Class II elastics, or oth-
er Class II functional devices after functional appliance 
treatment and 2) the presence of craniofacial syndromes 
or general diseases. 
The power calculation was performed using variables 
such as condylar growth and sagittal jaw changes from 
previous studies.1,2 For sufficient power (80%) to identify 
relevant differences at a 5% level of significance, and 
considering an allocation ratio of 1:1.5, at least 16 and 
24 children were required in the untreated control and 
each treatment group, respectively. 
The Z-activator consists of an activator combined with 
a high-pull headgear (force vector between the center 
of resistance of the nasomaxillary complex and maxillary 
dentition). The appliance was fabricated and adjusted 
according to the method of Teuscher.10 The E-activator 
is a modified Andresen activator. It is equipped with 
an additional high labial bow and palatal spring in the 
maxilla for preventing maxillary incisor tipping along 
with clasps on all first molars for preventing migration 
(Figure 1).11 
A construction bite was recorded under an anterior 
edge-to-edge relationship with an opening of approxi-
mately 2 mm between the central incisors. In children 
with excessive overjet, two-step activation was per-
formed. The children in both groups were instructed to 
wear the appliance daily for 14 hours in the evening and 
night. The appliances as well as patient compliance were 
checked every 8 weeks until a Class I molar relationship 
or an appropriate overjet was achieved. If compliance 
was sufficient, the overjet was found to have decreased 
by at least 1 mm at every visit. Children with inadequate 
compliance and those who required further treatment 
with other functional appliances were excluded. After 
the active treatment phase, the children were regularly 
recalled until the end of the growth peak. If required, 
fixed appliance treatment was performed during that 
period. 
Methods
Lateral cephalograms were acquired in centric occlu-
sion and the standard mirror position at T1, T2, and 
T3.13 
For the Danish children, lateral cephalograms were ac-
quired using the Philips MEDIO 30 CP X-ray tube (Philips, 
Eindhoven, Netherlands) with a film-to-focus distance 
of 180 cm and a film-to-median plane distance of 10 
cm. The constant linear enlargement was 5.6%. For the 
Korean patients, lateral cephalograms were acquired us-
ing the Asahi CX-90 SP device (Toshiba, Tokyo, Japan) 
with a film-to-focus distance of 150 cm and a film-to-
median plane distance of 15 cm. The constant linear 
enlargement was 10%. Correction for the constant linear 
enlargement was implemented in both groups. 
The craniofacial characteristics and growth changes 
from T1 to T2 and T1 to T3 were digitally analyzed us-
ing TIOPS 2005 ver. 2.12.4 (Total Interactive Orthodon-
tics Planning System [TIOPS], Copenhagen, Denmark; 
Figures 2–5).7-9,14 The series of lateral cephalograms were 
superimposed on the stable structures as per Björk’s 
structural method.7-9 Stable anatomical structures in the 
anterior cranial base were used as reference structures 
for analysis of vertical and sagittal rotational changes 
in the jaws. The NSL at baseline was transferred to the 
subsequent lateral cephalograms as a reference line 
(NSLRef; Figure 3). The maxilla and mandible were once 
again superimposed separately on the stable anatomical 
structures in the respective jaws (T1–T2, T1–T3), and a 
reference line was marked on the maxilla (MaxillaRef) and 
Figure 2. Cephalometric landmarks used for measure-
ments.14
n, Nasion; s, sella; cd, condylion; ba, basion; ar, articulare; 
gn, gnathion; pg, pogonion; sm, supramentale; isi, incisal 
superior incisor; iii, incisal inferior incisor; ss, subspinale; 
sp, spinale; MBLar, mandibular base line; Rlar, ramus line; 
ILi, incisal line inferior; ILs, incisal line superior; ML, man-
dibular line; NL, nasal line.
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mandible (MandibleRef; Figures 4 and 5).7-9 The angles 
between NSLRef and MaxillaRef and between NSLRef and 
MandibleRef were measured for assessing the rotations 
of the maxilla and mandible, respectively (Figure 3). 
The dentoalveolar changes and condylar growth were 
analyzed by superimposition on the stable structures in 
the maxilla and the mandible.7-9 Condylar growth was 
measured as the linear distance from the condylion at 
T1 (cdRef) to the condylion at T2 or T3 when the two 
sets of lateral cephalograms were superimposed on the 
stable structures in the mandible. Changes in the cranial 
base, overjet, overbite, and lower anterior facial height 
were measured using conventional methods (Figures 2–5, 
Tables 1–3). 
The upper spine morphology and cervical vertebral 
maturation (CVM) were visually assessed on the lateral 
cephalograms,12,15 and the atlas dimension was digitally 
measured using TIOPS 2005 (TIOPS; Table 1).16 The 
children were also categorized into two groups accord-
ing to the treatment timing. Children treated with func-
tional appliances before the pubertal growth peak were 
included in an early treatment group, whereas those 
treated during the growth peak were included in a late 
treatment group. The pubertal growth peak occurs be-
tween cervical stage 3 (CS3) and cervical stage 4 (CS4);12 
therefore, CVM stages that were between cervical stage 
1 and CS3 and between CS4 and cervical stage 5 at T2 
were considered eligible for the early and late treatment 
groups, respectively. 
Figure 3. Illustration of superimposition on the stable 
structures in the anterior cranial base between two stag-
es.9
NSLRef, Nasion-sella line at before treatment (T1) trans-
ferred to the following lateral cephalogram as a refer-
ence line when the two sets are superimposed on the 
stable structures in the anterior cranial base; MaxillaRef, 
a reference line drawn in the maxilla when the two sets 
are superimposed on the stable structures in the maxilla; 
MandibleRef, a reference line drawn in the mandible when 
the two sets are superimposed on the stable structures in 
the mandible. 
Mandible
Ref
Maxilla
Ref
NSL
Ref
Figure 4. Illustration of superimposition on the stable 
structures in the maxilla between two stages.9
MaxillaRef, Maxillary reference line; ILs1, incisal line supe-
rior stage 1; ILs2, incisal line superior stage 2; isi1, incisal 
superior stage 1; isi2, incisal superior stage 2.
cd
Ref
cd
Figure 5. Illustration of superimposition on the stable 
structures in the mandible between two stages.9
cd, Condylion; cdRef, condylion at baseline (T1); Mandi-
bleRef, mandibular reference line; ILi1, incisal line inferior 
stage 1; ILi2, incisal line inferior stage 2; iii1, incisal infe-
rior stage 1; iii2, incisal inferior stage 2.
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Table 1. Comparison of baseline craniofacial characteristics (T1) between children treated with Class II functional 
appliances and untreated children
Variable Z-activator(15 girls, 19 boys) 
E-activator
(16 girls, 12 boys)
Control
(8 girls, 9 boys)
p-value
Z vs. C E vs. C
CVM methods NS NS
   CS1 5 (14.7) 7 (25.0) 1 (5.9)
   CS2 13 (38.2) 11 (39.3) 7 (41.2)
   CS3 10 (29.4) 7 (25.0) 9 (52.9)
   CS4 6 (17.6) 3 (10.7) 0 (0)
Treatment timing NS NS
   Early (pre­peak) 17 (50.0) 17 (60.7) 8 (47.1)
   Late (on­peak) 17 (50.0) 11 (39.3) 9 (52.9)
Upper spine morphology  
   Fusion 3 (8.8) 7 (25.0) 2 (11.8) NS NS
   PAD 8 (23.5) 8 (28.6) 3 (17.6) NS NS
Age (yr) 11.82 ± 1.48 11.17 ± 1.20 11.76 ± 1.50 NS NS
Atlas dimension (mm) 
   Dorsal arch height 8.49 ± 1.59 7.70 ± 2.03 8.09 ± 1.59 NS NS
   PNAH 4.02 ± 0.68 3.90 ± 0.92 4.19 ± 0.93 NS NS
   A­P dimension 45.11 ± 2.91 44.19 ± 3.28 43.47 ± 3.26 NS NS
Cranial base angle (o)
   n­s­ba 134.24 ± 4.96 131.74 ± 5.25 130.57 ± 4.20 < 0.05* NS
Sagittal dimensions (o)
   ss­n­pg 6.07 ± 1.67 5.14 ± 1.78 4.14 ± 1.94 < 0.01** NS
   s­n­ss 80.33 ± 2.89 80.81 ± 3.17 80.95 ± 3.01 NS NS
   s­n­pg 74.27 ± 2.66 75.69 ± 3.79 76.82 ± 3.42 < 0.05* NS
Vertical dimensions (o)
   NL/ML   27.88 ± 4.04 24.37 ± 5.09 27.57 ± 7.73 NS  < 0.05*
   NSL/NL   8.73 ± 3.17 8.48 ± 3.78 6.74 ± 2.11 NS NS
   NSL/ML 36.61 ± 4.25 32.85 ± 6.77 34.31 ± 8.07 NS NS
Mandibular form (o)
   ML/Rlar 121.34 ± 5.54 120.33 ± 8.15 124.47 ± 6.99 NS < 0.05*
   ML/MBLar 19.26 ± 2.83 19.95 ± 2.96 19.17 ± 3.21 NS NS
Dental 
   Overjet (mm) 8.64 ± 2.11 8.45 ± 2.29 7.25 ± 2.29 < 0.001*** < 0.01**
   Overbite (mm) 2.91 ± 1.88 4.04 ± 1.68 1.41 ± 3.35 NS < 0.01
ILs to NL (o) 117.26 ± 6.03 117.41 ± 6.80 113.49 ± 5.77 NS NS
ILi to ML (o) 94.78 ± 6.42 98.69 ± 6.67 94.78 ± 5.89 NS NS
Lower anterior facial height (sp­gn, mm) 65.52 ± 3.57 60.02 ± 4.67 62.28 ± 7.69 NS < 0.05*
Values are presented as number (%) or mean ± standard deviation.
Chi­square test for evaluation of CVM and upper spine morphology.
Multiple linear regression analysis for craniofacial morphology, adjusted for age, sex, and ethnicity. 
Z vs. C, Significant difference between Z­activator and control; E vs. C, significant difference between E­activator and control; 
T1, before treatment; CVM, cervical vertebral maturation; CS1, cervical stage 1; CS2, cervical stage 2; CS3, cervical stage 3; CS4, 
cervical stage 4; PAD, posterior arch deficiency; PNAH, posterior neural arch height; A­P, anteroposterior; NS, not significant. 
*p < 0.05, **p < 0.01, ***p < 0.001.
See Figures 2 and 3 for definitions of the other landmarks.
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Table 2. Comparison of true craniofacial changes and jaw rotations after Class II functional appliance treatment (T1–T2) 
with those in the absence of treatment (control group) (superimposition on stable structures)
Variable Z-activator(n = 34)
E-activator
(n = 28)
Control 
(n = 17)
p-value
Z vs. C E vs. C
Treatment duration (yr) 1.55 ± 0.67 1.79 ± 1.18 1.46 ± 0.51 NS NS
Age at T2 (yr) 13.36 ± 1.39 12.89 ± 1.45 13.24 ± 1.69 NS NS
Cranial base changes (°)
   n­s­ba −1.05 ± 1.84 −0.60 ± 2.46 0.38 ± 1.61 < 0.001*** < 0.05*
Sagittal changes (°)
   ss­n­pg −2.27 ± 1.28 −1.78 ± 1.30 −0.68 ± 0.91 < 0.001*** < 0.001***
   s­n­ss −1.25 ± 1.52 −0.67 ± 1.54 0.17 ± 0.81 < 0.001*** < 0.05*
   s­n­pg 1.02 ± 1.31 1.10 ± 1.56 0.84 ± 0.87 NS NS
Vertical changes (°)
   NL/ML −1.59 ± 1.72 −1.10 ± 1.78 −0.94 ± 2.47 NS NS
   NSL/NL 0.82 ± 1.36 1.43 ± 1.97  0.94 ± 1.85 NS NS
   NSL/ML −0.79 ± 1.65 0.34 ± 2.11 −0.84 ± 1.56 NS NS
Jaw rotations (°)
   NSL/MaxillaRef 0.09 ± 0.75 0.44 ± 1.53 −0.43 ± 1.01 NS < 0.01**
   NSL/MandibleRef −1.30 ± 1.94 −1.02 ± 2.42 −1.67 ± 2.20 NS NS
Condylar growth (mm) 
   cd­cdRef 6.52 ± 2.71 8.62 ± 3.47 4.41 ± 2.12 < 0.001*** < 0.001***
   ar­arRef 6.52 ± 2.71 7.44 ± 2.86 4.41 ± 2.20 < 0.01** < 0.001***
Mandibular form changes (°)
   ML/Rlar 0.21 ± 2.20 0.84 ± 2.76 −0.63 ± 2.45 NS NS
   ML/MBLar 0.39 ± 1.01 −0.12 ± 1.38 0.24 ± 1.42 NS NS
Upper teeth to MaxillaRef 
   isi horizontal (mm) −2.54 ± 2.20 −1.75 ± 1.83 0.96 ± 0.62 < 0.001*** < 0.001***
   isi vertical (mm) 1.95 ± 1.89 2.69 ± 2.16 1.41 ± 0.88 NS < 0.05*
   ILs inclination (°) −5.01 ± 5.07 −7.09 ± 5.48 1.89 ± 2.86 < 0.001*** < 0.001***
Lower teeth to MandibleRef 
   iii horizontal (mm) 0.53 ± 1.59 1.54 ± 1.91 0.29 ± 1.15 NS < 0.01**
   iii vertical (mm) 1.66 ± 1.30 0.26 ± 1.60 0.87 ± 1.45 < 0.05* NS
   ILi inclination (°) 0.61 ± 4.76 4.47 ± 6.96 0.21 ± 3.14 NS < 0.001***
Dental relationship (mm)
   Overjet −4.96 ± 2.20 −5.36 ± 2.43 0.32 ± 1.01 < 0.001*** < 0.001***
   Overbite −0.65 ± 1.60 −2.03 ± 2.02 −0.11 ± 1.67 NS < 0.01**
Lower anterior facial height (sp­gn, mm) 3.22 ± 1.84 4.05 ± 2.08 1.83 ± 1.65 < 0.05* < 0.001***
Values are presented as mean ± standard deviation.
Multiple linear regression analysis, adjusted for age, sex, treatment timing, treatment duration, and ethnicity.
Z vs. C, Significant difference between Z­activator and control; E vs. C, significant difference between E­activator and control; 
T1, before treatment; T2, after functional appliance treatment; ar­arRef, articulare­articulare at T1; NS, not significant. 
*p < 0.05, **p < 0.01, ***p < 0.001.
See Figures 2–5 definitions of the other landmarks.
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Table 3. Comparison of true craniofacial changes and jaw rotations after the retention period following Class II 
functional appliance treatment (T1–T3) with those in the absence of treatment (control group) (superimposition on 
stable structures)
Variable Z-activator (n = 34)
E-activator 
(n = 28)
Control 
(n = 17)
p-value
Z vs. C E vs. C
Treatment duration (yr) 3.58 ± 1.25 3.75 ± 1.75 3.41 ± 0.97 NS NS
Age (yr) 15.36 ± 1.49 14.84 ± 1.90 15.56 ± 1.74 NS NS
Cranial base changes (o)
   n­s­ba −2.41 ± 2.35 −1.77 ± 2.76 −0.34 ± 2.23 < 0.01** NS
Sagittal changes (o)
   ss­n­pg −2.19 ± 1.53 −2.17 ±  1.44 −0.92 ± 1.33 < 0.001*** < 0.01**
   s­n­ss −0.27 ± 1.80 −0.15 ± 1.84 0.56 ± 1.13 < 0.01** NS
   s­n­pg 1.92 ± 1.78 2.00 ± 1.76 1.46 ± 1.76 NS NS
Vertical changes (o)
   NL/ML −1.23 ± 2.60 −1.45 ± 2.19 −1.72 ± 2.84 NS NS
   NSL/NL 0.04 ± 2.04 0.96 ± 1.82 0.04 ± 2.09 NS NS
   NSL/ML −1.10 ± 2.53 −0.41 ± 2.01 −1.69 ± 2.31 NS NS
Jaw rotations (o)
   NSL/MaxillaRef −0.86 ± 1.03 −0.32 ± 1.66 −0.79 ± 1.28 NS NS
   NSL/MandibleRef −2.34 ± 3.41 −2.49 ± 2.68 −3.19 ± 3.08 NS NS
Condylar growth (mm) 
   cd­cdRef 11.54 ± 5.08 12.74 ± 5.16 9.65 ± 4.24 NS NS
   ar­arRef 9.78 ± 5.21 10.35 ± 4.90 8.14 ± 3.70 NS NS
Mandibular form changes (o)
   ML/Rlar −1.69 ± 2.51 −1.42 ± 2.94 −2.64 ± 2.16 NS NS
   ML/MBLar 1.22 ± 1.61 0.77 ± 1.29 0.85 ± 1.39 NS NS
Upper teeth to MaxillaRef 
   isi horizontal (mm) −2.28 ± 3.39 −1.53 ± 2.87 1.34 ± 0.89 < 0.001*** < 0.001***
   isi vertical (mm) 3.92 ± 1.94 4.39 ± 2.45 2.85 ± 1.54 < 0.001*** NS
   ILs inclination (o) −5.18 ± 7.09 −6.61 ± 8.22 2.21 ± 2.37 < 0.001*** < 0.001***
Lower teeth to MandibleRef 
   iii horizontal (mm) 1.24 ± 2.36 1.75 ± 2.20 0.43 ± 1.21 NS < 0.01**
   iii vertical (mm) 1.96 ± 2.21 1.11 ± 1.87 2.00 ± 1.94 NS < 0.01**
   ILi inclination (o) 4.14 ± 7.69 4.25 ± 5.81 0.83 ± 3.47 NS < 0.01**
Dental relationship (mm)
   Overjet −5.84 ± 2.55 −5.54 ± 2.57 0.48 ± 1.25 < 0.001*** < 0.001***
   Overbite −1.50 ± 1.38 −1.96 ± 1.49 0.15 ± 1.17 < 0.05* < 0.001***
Lower anterior facial height (sp­gn, mm) 6.02 ± 2.31 6.51 ± 3.17 3.82 ± 2.62 < 0.05* < 0.05*
Values are presented as mean ± standard deviation.
Multiple linear regression analysis, adjusted for age, sex, treatment timing, treatment duration, and ethnicity. 
Z vs. C, Significant difference between Z­activator and control; E vs. C, significant difference between E­activator and control; 
T1, before treatment; T3, after retention; ar­arRef, articulare­articulare at T1; NS, not significant. 
*p < 0.05, **p < 0.01, ***p < 0.001.
See Figures 2–5 definitions of the other landmarks.
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Reliability and method errors 
The reliability of the craniofacial and upper spinal 
morphology measurements and CVM method was evalu-
ated by repeat measurement of 25 randomly selected 
sets after 1 month, as previously reported.17,18 The cra-
niofacial morphology and CVM stages were analyzed 
by one author (EO), who also analyzed the upper spine 
morphology together with another author (LS). For the 
craniofacial analysis, the method errors according to 
Dahlberg19 ranged from 0.14 to 2.12, and the reliability 
coefficients according to Houston20 were 0.76 to 0.99. 
The reliability of the CVM method (κ = 0.91) and upper 
spine morphology measurements (κ = 0.82) was excel-
lent.17,18
Statistical analysis 
The Shapiro–Wilk W test showed that all variables 
were normally distributed. The baseline craniofacial 
morphology and changes from T1 to T2 and T1 to T3 in 
the Z-activator and E-activator groups were compared 
with those in the control group using one-way analysis 
of variance in the initial step. Subsequently, significant 
variables were compared between the treatment and 
control groups using multiple linear regression analysis, 
with adjustment for age, sex, and ethnicity for the cra-
niofacial morphology and additional adjustment for the 
treatment timing and duration for the T1–T2 and T1–
T3 changes. No comparisons were made between the 
two treatment groups in this study. 
RESULTS 
Craniofacial and upper spine morphology at baseline
There were no significant between-group differences 
in the upper spine morphology at baseline (Table 1). 
Compared with the control group, the Z-activator group 
exhibited a larger cranial base angle (p < 0.05), sagittal 
jaw relationship (p < 0.01), and overjet (p < 0.001) and a 
more retracted chin position (p < 0.05), while the E-ac-
tivator group exhibited a smaller mandibular inclination 
(p < 0.05), gonial angle (p < 0.05), lower anterior facial 
height (p < 0.05), a larger overjet (p < 0.01) and overbite 
(p < 0.01; Table 1). 
Effects of functional appliance treatment from T1 to 
T2 
Relative to the findings in the control group, the cra-
nial base angle (p < 0.001), sagittal jaw relationship (p 
< 0.001), maxillary prognathism (p < 0.001), and overjet 
(p < 0.001) were significantly decreased while condylar 
growth (p < 0.001) and the lower anterior facial height 
(p < 0.05) were significantly increased in the Z-activator 
group. Moreover, the maxillary incisors were significantly 
retroclined (p < 0.001) while the mandibular incisors 
were significantly extruded (p < 0.05) in the Z-activator 
group (Table 2). 
In the E-activator group, the cranial base angle (p < 
0.05), sagittal jaw relationship (p < 0.001), maxillary 
prognathism (p < 0.05), overjet (p < 0.001), and overbite 
(p < 0.01) were significantly decreased while condylar 
growth (p < 0.001), rotation of the maxilla (p < 0.01), 
and the lower anterior facial height (p < 0.001) were sig-
nificantly increased relative to the changes in the control 
group. Moreover, the maxillary incisors were significantly 
retroclined (p < 0.001) and extruded (p < 0.05) while 
the mandibular incisors were significantly proclined (p < 
0.001) relative to those in the control group (Table 2). 
Effects of functional appliance treatment from T1 to 
T3 
Compared with the control group, the Z-activator 
group exhibited significant decreases in the cranial base 
angle (p < 0.01), sagittal jaw relationship (p < 0.001), 
maxillary prognathism (p < 0.01), overjet (p < 0.001), 
and overbite (p < 0.05) and a significant increase in the 
lower anterior facial height (p < 0.05) after retention. 
Moreover, the maxillary incisors were significantly retro-
clined (p < 0.001) and extruded (p < 0.001) relative to 
those in the untreated control group (Table 3). 
In the E-activator group, the sagittal jaw relationship 
(p < 0.01), overjet (p < 0.001), and overbite (p < 0.001) 
were significantly decreased while the lower anterior 
facial height (p < 0.05) was significantly increased after 
retention. The maxillary incisors were significantly ret-
roclined (p < 0.001) and the mandibular incisors were 
significantly proclined (p < 0.01) and intruded (p < 0.01) 
relative to those in the control group (Table 3). 
DISCUSSION
In the present study, true dentoalveolar, skeletal, and 
rotational changes induced by functional appliances 
were investigated using Björk’s structural method of 
superimposition in growing children with Class II mal-
occlusion, and the findings were compared with the 
growth changes in untreated matched controls.7-9 To 
the best of our knowledge, this is the first study to ana-
lyze true dentoalveolar, skeletal, and rotational changes 
induced by Class II functional appliances by using the 
structural method. 
The control group included historical cephalograms 
retrieved from the archives of Björk’s classic implant 
studies.7-9 Previously, it has been reported that the use 
of historical control samples can deflate the treatment 
effect of functional appliances because of a secular 
change in the growth pattern.21 Thus, the treatment ef-
fects found in the present study may be conservatively 
interpreted. 
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Craniofacial and upper spine morphology at baseline 
At baseline, the mandible was significantly more re-
tracted in the Z-activator group than in the control 
group, while the mandibular plane angle in the E-acti-
vator group was lower than that in the control group. 
These differences can be attributed to the indications 
of the two appliances.10,11 Because both appliances have 
different indications, and the children in the two treat-
ment groups were not randomly distributed at base-
line, the Z-activator and E-activator groups were only 
compared with the control group and not with each 
other.10,11 
The upper spine morphology and atlas dimensions 
at baseline were comparable between groups. This was 
expected because the patients in all three groups had 
skeletal Class II Division 1 malocclusion.17,22-24
Short-term effects of the functional appliances (T1–T2)
Both the Z-activator and the E-activator were effec-
tive in improving the sagittal jaw and dentoalveolar 
relationships in the short term. The improvement in the 
sagittal jaw relationship was achieved by restricted max-
illary growth and additional condylar growth, although 
the significant condylar growth was not associated 
with significant advancement of the chin. It is generally 
agreed that functional appliances can accelerate man-
dibular growth on a short-term basis, although there is 
controversy regarding sagittal advancement of the chin 
position1-5 due to the association between the sagittal 
and vertical dimensions.7-9
Teuscher10 previously pointed out that posterior rota-
tion of the maxilla is the major component that forces 
the mandible to rotate posteriorly, and he proposed the 
Z-activator, a combined headgear–activator appliance, 
for prevention of this unfavorable effect. In the present 
study, significant backward rotation of the maxilla was 
observed in the E-activator group, whereas this change 
was insignificant in the Z-activator group. Backward 
rotation of the maxilla and vertical development of the 
maxillary alveolar structures may counteract additional 
condylar growth; therefore, advancement of the chin 
position was not evident in the present study.10
Previous studies have reported backward rotation of 
the mandible after functional appliance treatment;4,5,10,11 
however, mandibular rotation was not evident in the 
present study. Instead, the cranial base angle exhibited 
a decrease in the treated groups. The cranial base may 
have played a role in counteraction of backward rotation 
of the mandible in the present study. A compensating 
mechanism associated with the cranial base angle has 
previously been described, and it was found that a more 
flexed cranial base angle was associated with forward 
rotation of the mandible.25,26 In particular, the posterior 
part of the cranial base may be the area of interest in 
growth modification treatment, because cellular activity 
in the spheno-occipital synchondrosis and the remodel-
ing process are reportedly observed until late puberty.25,26
Long-term treatment effects of the functional appliances 
(T1–T3)
Some authors argue that the growth increase induced 
by functional appliances is temporary, and that the ef-
fects disappear by the time of growth completion such 
that the outcomes are similar to the expected growth 
in the absence of treatment.3-5 In the present study, the 
treated children presented significant condylar growth 
acceleration after active treatment, which became in-
significant during retention at the postpubertal growth 
peak. The treated groups maintained an additional 
condylar growth of 1.5–3 mm, similar to the findings 
in previous studies.1,2 However, the growth exhibited 
large individual variations and failed to show statistical 
significance on a long-term basis, even though the true 
changes were analyzed by superimposition on the stable 
structures. The results suggest the importance of case 
selection for functional appliance treatment and high-
light the need to focus more on the phenotype of the 
skeletal class II malocclusion for optimal treatment suc-
cess. 
Prediction of jaw growth and rotation patterns is 
crucial for successful treatment with Class II functional 
appliances.27 Recent studies found that the upper spine 
morphology and atlas dimensions were significantly as-
sociated with growth prediction signs, and it was rec-
ommended that the upper spinal morphology and atlas 
dimensions should be considered during orthodontic 
treatment planning for growing children.7-9,17,22 There-
fore, future studies should investigate the association 
between the upper spinal morphology and the success 
of treatment with Class II functional appliances. 
We observed significant long-term improvement in 
the skeletal jaw relationship after Class II functional ap-
pliance treatment. The long-term effect on the maxilla 
was in agreement with that observed in previous studies, 
although the effect on the mandible is still a debatable 
topic.1-5,10,11 Some authors suggest that functional ap-
pliance treatment during the pubertal growth spurt can 
produce more skeletal effects, such as significant ad-
vancement of the chin.1 However, in the present study, 
advancement of the chin position was not significant 
even after adjustment for the possible effect of the 
treatment timing (before or during the growth peak). 
Both treated groups in the present study exhibited a 
significant long-term improvement in the dental rela-
tionship, consistent with the findings in previous stud-
ies.1-4,10,11 However, proclination of the mandibular inci-
sors was only observed in the E-activator group and was 
not significant in the Z-activator group. It has been re-
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ported that inclination of the mandibular incisors is less 
affected by an activator–headgear combination than by 
an activator alone.28 In the present study, changes in the 
mandibular incisors were analyzed by superimposition 
on the stable structures, which is independent from the 
remodeling of the lower mandibular surface.7-9 The find-
ings suggest that a Z-activator is indicated when labial 
tipping of the mandibular incisors is not desirable. 
CONCLUSION
In the short term, both Z- and E-activator were ef-
fective in improving sagittal jaw relationships, dental 
relationship and accelerating condylar growth. In the 
long term, the sagittal jaw relationship and the dental 
relationship were significantly improved, but additional 
condylar growth, vertical and rotational changes in the 
jaws were not significant. 
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